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16 -, j_ ABSTRACT. A process  f o r  manufacturing flame r e s i s t a n t  

1- polyurethane foams by foaming a  mixture of o rgan ic  d i i socya -  

i - nates  in o rgan ic  compounds w i t h  a t  l e a s t  two in te rchangeable  

I- hydrogen atoms, A mixture of 10 t o  30% by weight of pos t -  
i - ch lo r ina t ed  poly isobuty lene  w i t h  a  c h l o r i n e  content  of 35 

j 5  i -  t o  70% by weight and 0 . 5  t o  5% by weight of an organic  metal 
s a l t  complex compound of metals  of groups of I b ,  Va, Vla, 

i * 

i V l  la and V l  l l of t he  p e r i o d i c  system of elements ( w i t h  

I-- r e f e rence  t o  the  tobal  amount of weight of t he  i n i t i a l  
, % 

1 2 0  ;- mater ia l  forming the  polyurethane foam) i s  used a s  ch lo r ina t ed  
po lya lka l ine  and metal s a l t .  

%is  inven t ion  concerns a process  f o r  t h e  manufacture o f  flame r e s i s t a n  
polyurethane foams. 

I n  t h e  polyure thane  foams known, a d d i t i v e s  have been p a r t i c u l a r l y  used 
t o  provide  r e s i s t a n c e  o r  increased  r e s i s t a n c e  t o  f i r e :  unpolymerizable halogen 
hydrocarbons, ,  such a s  ch lo ropa ra f f in s  o r  po lyv iny lch lo r ides ,  and a l s o  
compounds of  phosphorus, such a s  p l~osphor i c  a c i d  e s t e r ,  phosphonic a c i d  e s t e r  
o r  phosphinic  oxide ,  and antimony t r i o x i d e ,  antimony a c i d  o r  adducts  o f  hexa- 
halogen cyclopentadiene and unsa tu ra t ed  a l i p h a t i c  compounds. The e f f e c t  o f  
t h e  i n d i v i d u a l  compounds on h igh  r e s i s t a n c e  t o  burn ing  can b e  increased  by 
s u i t a b l e  combinations. However t h e  phys ica l  p r o p e r t i e s  o f  t h e  polyurethane 
foams can o f t e n  be  unfavorably a f f e c t e d  by means o f  such a d d i t i o n s .  A f u r -  
t h e r  disadvantage i s  t h e  l a r g e  amount o f  add i t i ons  which a r e  o f t e n  necessary  
t o  make t h e  polyurethane foams flame r e s i s t a n t .  

F i n a l l y  it is  known t h a t  foams which would be d i f f i c u l t  t o  b u m  can b e  
produced on the  b a s i s  of  polyurethanes by us ing  h igh  molecular  po lyvinyl  com- 
pounds conta in ing  c h l o r i n e ,  such a s  polyvinyl  c h l o r i d e ,  correspondingly mixed 
polymers o r  po lychloros tyrene ,  and compounds of  aluminum s i l i c a t e s  con ta in ing  
water .  A s  comparison t e s t s  between t h e  polyurethanes modified i n  t h i s  manner 
and t h e  polyurethanes produced i n  accordance with t h i s  i nven t ion  show, t h e  
processes  named above r e q u i r e  t a n g i b l y  g r e a t e r  amounts of  ma te r i a l s  producing 
flame r e s i s t a n c e  than  does t h e  use o f  compo~xnds according t o  t h i s  i nven t ion .  

---- 
*Numbers i n  t h e  margin i n d i c a t e  fo re ign  pagina,tion. 



ganic  compounds wi th  a t  l e a s t  trklo interc11an::eable 11yd~ogen atoms, water  and 
o t h e r  foaming agents  s, chlorinateci  p o l y a l l q ~ l e i ~ e s  and metal s a l t s ,  us ing  a s  

l o r i n a t e d  p o l y a l l ~ y l e n e s  and metal s a l t s  a  mix-l-ure cor l s i s t ing  of  10 t o  30% 
weight of p o s t - c h l o r i n a t e d  po ly i sobu ty l c r~e  wit11 a  c h l o r i n e  content  of 

In t h i s  formula ~ e "  s i g n i f i e s  a b i v a l e n t  metal from t h e  above-mentioned 
groups; however, Me can a l s o  be  un iva lkn t ,  b i v a l e n t  o r  po lyva len t .  

S u i t a b l e  meta l  complexes a r e ,  e . g . ,  manganese (11 ) -ace ty l ace tona te ,  
manganese (111) - ace ty l ace tona te ,  copper (11) - ace ty l ace tona te ,  i r o n  (111) - 
ace ty l ace tona te ,  chromium (111)-ace ty lace tona te ,  t h e  l a c t a t e s  o f  b i v a l e n t  o r  
t r i v a l e n t  chromium, vanadium, t h e  ace ty l ace tona te s  of uranium, vanadium, 
t i t a n i u m ,  zirconium, niobium, tantalum, bismuth, tungs ten  o r  molybdenum, and 
the  corresponding nietal compounds o f  s a l i c y l - a l d e h y d e o r  o f  e t h y l  a c e t o a c e t a t e .  

The metal complexes can be produced by r ep lac ing  metal  s a l t s  wi th  t h e  o r -  
gan ic  cllelatirlg agents  accordirlg t o  lilell known methods. These methods a r e ,  
e ,  g ,  , descr ibed  i n  t he  works of F, Gaucll i n  ItJiener Monatshefte,  Vol , 2 1 ,  



p ,  89, 1900, and G ,  Urbain and CompL. Rend,, Vol,  129, p .  203, 
-1889, and i n  Inorganic  S y n t h e s  . 10 and i 'ol .  5 ,  p .  105, 
- - 

Pol yurcthane foams 11~odu a r e  p a r t i c u l a r l y  d i f f i c u l t  t o  
i g n i t e ,  Tiley a r e  a l s o  cha rac t e r i zed  by t h e  f a c t  t h a t  t he  a d d i t i v e s  p ~ o d u c i n g  
and inc reas ing  flame r e s i s t a n c e  have l i t t l e  o r  no e f f e c t  upon t h e  o t h e r  

of t h e  polyurethane foams. 
c s 

I 

- I 
1 _ The d i i socyana te s  used a r e  those  a l r e a d y  known t o  be used i n  manufac- 

I I - , tup ing  polyure thane  foams, such a s  p-phenylene d i i socyana te ,  t o l u y l e n e  , 
: d(-s'oc a n a t e ,  e thy lene  d i i socyana te ,  hexalene d i i socyana te ,  4 ,4 -diphenylene 2 t -  - d i i s o c y a n a t e  and 1.5-naphthylene d i i socyana te .  
1 
i 

I-, , ?; f . .-t S u i t a b l e  and we l l  known organic  compounds wi th  a t  l e a s t  two a c t i v e  
I#d?ogen atoms a r e ,  e . g . ,  tlre p o l y e s t e r s ,  i . e . ,  r e a c t i o n  products  o f  poly-  
1 v a l e n t  a l coho l s  and po lyva len t  carboxyl ic  a c i d s .  The express ion  "polyvalen t  I E R ~ ~  
i ca r  oxy i c  ac ids"  i nc ludes  a c i d  anhydrides,  a c i d  halogenides and t h e  e s t e r s  

, * r r r r  

? of ' , these  a c i d s ,  a long wi th  mixtures  o f  t h e s e  compounds, a s  we l l  a s  t h e  a c i d s  

I t  i s  g e n e r a l l y  d e s i r a b l e  t h a t  a t  l e a s t  one p a r t  o f  t h e  t o t a l  po lyva len t  
lcohol  used f o r  forming p o l y e s t e r s  t o  be  an a l coho l  wi th  t h r e e  hydroxyl  

groups i n  o rde r  t o  provide  s u f f i c i e n t  p o i n t s  of  a p p l i c a t i o n  f o r  branching  o r  
c ros s  l i n k i n g .  However, t h e  r a t i o  of  b i v a l e n t  a lcohol  t o  t r i v a l e n t  a l coho l  
can be s e l e c t e d  i n  accordance with t h e  d e s i r e d  degree o f  c ross  l i n k i n g .  These 
po lyva len t  a l coho l s  can be  a l i p h a t i c ,  c y c l o a l i p h a t i c ,  h e t e r o c y c l i c  o r  a romat ic ,  
s a t u r a t e d  o r  unsa tu ra t ed .  In t h e  molecule of  t h e s e  a lcohols  d i f f e r e n t  atoms, 
e  . g . ,  oxygen o r  s u l f u r ,  can be  i n s e r t e d  between t h e  carbon atoms. These a l -  
cohols  can a l s o  be  r ep l aced  through t h e  r e a c t i o n s  o f  nond i s rup t ive  s u b s t i t u t e s ,  
e .  g . ,  halogen atoms o r  e s t e r  groups. The fo l lowing  can be  mentioned a s  exam- 

l e s  of  po lyva len t  a l coho l s  : g l y c o l s ,  g l y c e r i n e ,  po lyglycer ines  , pen tae ry -  
h r i t o l ,  p o l y p e n t a e r y t h r i t o l s ,  mannitol ,  s o r b i t o l ,  methyl t r i m e t h y l o l  methane, 
,4 ,6-oc tane  t r i o l ,  b u t a n e d i o l ,  pen taned io l ,  hexanedio l ,  dodecanediol ,  oc tane-  

d i o l  , chloropentanedio l  , g lyce r ine  monoallyl e t h e r ,  t r i e t h y l e n e  g l y c o l ,  2- 
e t h y l  hexanediol-  (1 ,4 ) ,  3 ,3 '  - th iodipropandio l ,  4 ,4 '  - su l fony l  d ihexanol ,  
3 , s -  3j th iohexandio l  - ( l , 6 )  , 3,6- d i th iohexand io l  (1,8) , cyclohexandiol  (1 ,4) ,  
1 ,2 ,6 -hexane t r io l ,  1,3,5-hexanetriol , p o l y a l l y l  a lcohol  ,: 1 ,3 -b i s -  (2-poloxalkol)  - 
propane, 5 , s  I-dioxydiamyl e t h e r ,  tetrahydrofuran-2,s-dipropanol , t e t r a h y d r o -  
fu ran -2 , s -d ipen tano l ,  2,s-dioxytetrahydrofuran, t e t rahydro th iophene ,  2 , s  - 
dipropanol ,  tetrahydropyrrole-2,s-propanol, 3,4-dioxytetrahydropyran, 2,s- 
dioxy-3,4-dihydro-1,2-pyran, 4,4 '  - su l fonyld ipropanol ,  2 ,2 I - b i s  - (4-oxyphenyl) - 
propane o r  2 ,2-b is -  (4-oxyphenyl) -methane. Open chained,  a l i p h a t i c ,  po lyva len t  
a1 cohols  with two t o  fou r  e s  t e r i f i a b l e  hydroxyl groups and p o l y a l k a l i n e  
g l y c o l s ,  each wi th  no more than 20 carbon atoms, a r e  p r e f e r a b l e .  

The polyvalen t  carboxyl ic  ac ids  used t o  manufacture the  p o l y e s t e r s  can 
be a l i p h a t i c ,  c y c l o a l i p h a t i c ,  aromatic  o r  h e t e r o c y c l i c ,  s a t u r a t e d  o r  unsa tu-  
r a t e d  ca rboxy l i c  a c i d s .  The fol lowing can be mentioned as  examples of  po ly-  
v a l e n t  ca rboxy l i c  a c i d s :  p h t h a l i c  a c i d ,  mal ic  a c i d ,  dodecylmalic a c i d ,  o c t a -  
decylmalic  a c i d ,  f u p a r i c  a c i d ,  a c o n i t i c  a c i d ,  i t a c o n i c  a c i d ,  3 ,3 ' - "c l iod i -  
propiorl ic  a c i d ,  4 , 4  -sulfonyldihexanecarl1oxy1ic a c i d ,  3-octane-1,7- 



I t 
Within t h e  bounds o f  t h e  n o w  po lye the r s  and polyglycol  

s t e r s  can a l s o  be  used ,  e . g . ,  t h e  wel l  known r e a c t i o n  products  of a poly-  
a l e n t  a lcohol  o r  a  po lybas i c  ca rboxy l i c  a c i d  on t h e  one hand and a  moa& than  
qu iva l en t  amount of  a  monomeric 1 , 2  -epoxide ~vh ich ,  such a s  propyleneo>ricle, 
a s  a  s i n g l e  1,2-epoxide group. Tne polyvalen t  a l c o l ~ o l s  and ca rboxy l i c  Bcids 
l r eady  r e f e r r e d  t o  above a r e  a l s o  s u i t a b l e  f o r  t h i s  purpose. Examples d f  
onomeric l , 2 - e ~ o x i d e s  a r e :  e thy lene  oxide ,  propylene oxide,  bu ty l ene  oxide ,  
sobuty lene  oxide ,  2,3-epoxyhexane, 3-ethyl-2,3-epoxyoctane, ep i ch lo rhydr in ,  
pibromohydrin, s t y r e n e  oxide ,  g l y c i  do1 ,' decylene oxide,  t r i pheny  1 glyeidfl-  
i l a n e ,  a l l y 1  g l y c i d y l  e t h e r ,  merhyl g lyc idy l  e t h e r ,  phenyl g l y c i d y l  e t h e r ,  
u t y l  s l y c i d y l  s u l f i d e ,  g lyc idy l  methyl s u l f o n e ,  g l y c i d y l  me thac ry l i c ,  g lyc idy l  
enzoat , g l y c i d y l  a c e t a t e ,  g l y c i d y l  oc tanoat  , g l y c i d y l  s o r b a t e ,  g l y c i d y l  a 1  l y l  
h t h a l a t e ,  phenyl- (p-octadecyl  oxybenzoyl) -ethylene oxide ,  . >  

Cl(iH330CbH rNIJCIizCI I - CHz 

< \ o /  

Such monoepoxi d a s  those  which a r e  de r ived  from 
t h e r s ,  s u l f i d e s ,  su l fones  o r  e s t e r s  of s u b s t i t u t e d  hydrocarbons r ep l aced  by 
n epoxide group, where t h e s e  compounds do n o t  con ta in  more than  18 carbon 

If  need b e ,  t r a c e s  of  a  po lyvalen t  a lcohol  of  smal l  molecular  weight can 
inc luded  i n  t he  p o l y e s t e r ,  polyglycol  e t h e r  o r  po lyglycol  e s t e r  i n  o r d e r  t o  

modify t h e  mechanical p r o p e r t i e s  o f  t he  f i n a l  foams. For such purposes hexa- 
glycerol ' ,  g lyce r ine ,  e thy leneg lyco l  o r  d ie thyleneglycol  a r e  p r e f e r r e d .  How- 
e v e r ,  any a l i p h a t i c  a lcohol  wi th  a t  l e a s t  two hydroxyl groups can b e  used.  
Polyamines a r e  a l s o  s u i t e d  t o  b e  p a r t s  o f  t h e  chain.  Polymers such a s  v i n y l  

olymers with acy lab le  groups a r e  a l s o  s u i t a b l e  s t a r t i n g ,  m a t e r i a l s  f o r  
onversion wi th  poly isocyanates  . 

Foaming can b e  c a r r i e d  out  i n  t he  normal manner, e .  g .  , by  t ransforming  
t h e  components mentioned above i n  t h e  presence of  a  foaming agen t ,  e  . g . ,  an 
ammonium sa l t  such a s  ammonium carbonate .  In  a d d i t i o n ,  with t h e  a i d  of an 
e a s i l y  evaporated s o l v e n t  which does no t  r e a c t  wi th  d i i socyana te s  i t s e l f ,  can 
b e  used with i t s  vapor p re s su re  i nc reased  i n  a  s u i t a b l e  manner, e . g . ,  by h e a t  
o r  vacuum. These k inds  of co~qounds  a r e ,  e .  g .  , pentane ,  hexane, halogenides 
o r  v o l a t i l e  hydrocarbons such a s  monof luorotr ichloromethane . 

Gases such as  n i t r o g e n  can a l s o  be impressed i n t o  the  l i q u i d  mass with 
f u r t h e r  t rea tments  i n  a  vacuum. F i n a l l y  t h e  i n i t i a l  m a t e r i a l s  can b e  chosen 
i n  such a  way t h a t  they  theniseJves form gaseous f i s s i o n  products  dur ing  



--- ,̂ _ I___ - 
I 

d i i socyana te s  I 
s a r e  chosen 

I 

e  components a t  
i g h  tempera tures .  

L 

I Mixtures of t h e  above mentioned compounds can a l s o  be  used wi th  one 
The amount used is n o t  c r i t i c a l  b u t  depends on t h e  kind o f  foam de- 

. To produce ve ry  t h i c k  foam only a  s l i g h t  amount i s  needed. To produce 
t i c u l a r l y  l i g h t  foam a s  l a r g e  an amount should be  used a s  p o s s i b l e .  The 
t of t h e  compound used i n  foaming a l s o  depends on t h e  type of  compound 

I 

Although i t  i s  no t  a b s o l u t e l y  r equ i r ed ,  t he  process  according t o  t h e  
n t i o n  can b e  c a r r i e d  ou t  i n  t h e  presence of we l l  known foam s t a b i l i z e r s  

t s .  S u i t a b l e  s i l i c o n e  o i l s  and c a s t o r  o i l  s u l f a t e J a r e  examples. 

Dimethyl hexahydroani l in  h o l i n e  a r e  examples o f  

The pos t - ch lo r ina t ed  p o l  c h e l a t e  type  used wi th  
e t a 1  compounds i n  t h e  sense  o f  the  inven t ion  can b e  produced i n  t h e  

u a l  manner by c h l o r i n a t i n g  poly isobuty lene  i n  t e t r a c h l o r o e t h a n e  a s  a s o l v e n t .  

I t  can be  used with a  c h l o r i n e  content  of 35 t o  70, convenient ly from 
0  t o  70, and i n  amounts where t h e  t o t a l  ch lo r ine  content  of t h e  polyure thane  
oan amounts t o  between 5  and 25, p re fe rab ly  between 10 and 20. 

In  o r d e r  t o  o b t a i n  t h e s e  q u a l i t i e s  t h e  usua l  ad juvants  can be used.  
Thus f i l l e r s  such as  c l ay  o r  calciuni s u l f a t e ,  ammonium phosphate ,  dyes ,  g l a s s ,  
a sbes tos  and s y n t h e t i c  f i b e r s  can b e  added. 

The p a r t s  mentioned i n  t h e  examples a r e  p a r t s  by  weight .  

Example 1 .  

Twenty- t h r e e  p a r t s  of a  pos t - c h l o r i n a t e d  poly isobuty lene  with a  c h l o r i n e  
content  of  65% a r e  d i s so lved  i n  100 p a r t s  o f  a  p o l y e s t e r  c o n s i s t i n g  of  5 hlols 
o f  a d i p i c  a c i d  and 1 >lo1 o f  t r i m e t h y l o l  propane and 4.5 Blols o f  e thy lene  g lyco l  
wi th  an OH-number of  60 and a  molecular  weight o f  about 2,000. The s o l u t i o n  i s  
t r e a t e d  with 2.25 p a r t s  of copper (11) -ace ty l  ace tona te ,  10 p a r t s  o f  wa te r  and 
40 p a r t s  of t o luy lene  d i i socyana te  and brought t o  t h e  r e a c t i o n  temperature of  
25°C. The r e a c t i o n  product  is annealed f o r  4 hours  a t  70°C. The foam p ro -  
duced i n  t h i s  way possesses  a  dens i ty  of about 50 kg/m3, i s  f ine-pored  and 
s t o p s  burn ing  2  t o  3  seconds a f t e r  be ing  taken out  o f  a f lame.  

Comparative Example 

In example 1 of t h e  p r e s e n t  i nven t ion ,  o t h e r  t h ings  be ing  equa l ,  t h e  
f 01 lowing r ep lace  t h e  combination proclucing a n d l o r  i n c r e a s i n g  t h e  flame r e s i s -  
tarice accordilrg t o  t h e  invent ion  ( 2 3  p a r t s  of a pos t -d t lor ina tec l  



l a ce ty l  ace tona te )  : i 
i 

40 p a r t s  of  pos t - ch lo r in  v.itl^r a. c h l o ~ i l z e  content  of 70%. 
foam produced i n  t h i s  way l i n g  o u t s i d e  a flame, b u t  i s  

/ e n t i r e l y  conswned. 
L- i i 

2. 20 p a r t s  of p o s t - c h l o r i n a t e d  polye thylene  w i t h  a  ch lo r ine  content  of 70%. 
'The foam produced i n  t h i s  way does n o t  s t o p  burn ing  o u t s i d e  a  flame, b u t  i s  

' "  e n t i r e l y  consumed. 
: 
a 3 .  2.25 p a r t s  of  copper (11) -ace ty l  ace tona te .  The foam produced i n  t h i s  
way does no t  s t o p  burning o u t s i d e  a  f lame,  b u t  is  consumed. 

4 .  23 p a r t s  of  pos t - ch lo r ina t ed  poly isobuty lene  with'  a  ch lo r ine  con ten t  of 
%. The foam produced i n  t h i  bu rn ing  o u t s i d e  a  flame, b u t  

consumed. 

ample 2.  1 
35 .5 p a r t s  o f  a pos t - ch l  y lene  wi th  a  c h l o r i n e  con ten t  

f  65% a r e  d i s so lved  i n  100 p a r t s  of  a po lye the r  made of  propylene g l y c o l  w i th  
OH-number of 55 and a  molecular  weight of 1800. The s o l u t i o n  i s  t r e a t e d  

t h  1 . 5  p a r t s  of i r o n  (111)-acetyl  ace tona te ,  10 p a r t s  wa te r  and 40 p a r t s  
luy lene  d i i socyana te  and brought  t o  r e a c t i o n  temperature o f  20°C. The r e -  

c t i o n  product  i s  annealed f o r  4  hours  a t  70". The foam produced i n  t h i s  way 
os ses ses  a  d e n s i t y  of 40 kg/m3, is  f ine-pored  and s t o p s  burn ing  o u t s i d e  a 

ame i n  1 t o  2 seconds.  

Example 3 .  

I f  3  p a r t s  o f  chlorium (111)-ace ty l  ace tona te  a r e  used i n s t e a d  of  2.25 
a r t s  o f  copper (11) -ace ty l  ace tona te ,  and t r e a t e d  a s  descr ibed  i n  Example 1, 
e r e s u l t  i s  a  foam of d e n s i t y  55 kg/m3 which is  f ine-pored and s t o p s  bu rn ing  
t s i d e  a flame i n  1 t o  2  seconds.  

t e n t  C l a i m :  

A process  f o r  manufacturing flame r e s i s t a n t  polyurethane foams by foaming 
mixture of  o rgan ic  d i i socyana te s  i n  o rgan ic  compounds wi th  at l e a s t  two i n -  

erchangeable hydrogen atoms such as  water  and/or o t h e r  foaming agen t s ,  
l l o r i n a t e d  polyal.1calines and metal  salts  c h a r a c t e r i z e d  by t h e  f a c t  t h a t  a  
i x t u r e  o f  10 t o  30% by weight of  p o s t - c h l o r i n a t e d  poly isobuty lene  wi th  a  

c l ~ l o r i n e  content  o f  35 t o  70% by weight and 0 . 5  t o  5% by weight of an o rgan ic  
rnetal s a l t  complex compound of  meta ls  of  groups of  Ib ,  Va, VIa, VIIa and VIII 
of  the  p e r i o d i c  system o f  elements (with r e f e rence  t o  t h e  t o t a l  amount of  
weight o f  t he  i n i t i a l  m a t e r i a l  forming the  polyurethane foam) is used as  
c h l o r i n a t e d  p o l y a l k a l i n e  and metal s a l t .  






